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(54) Method for vaporizing liquid feed and vaporizer therefor 

(57) A high vaporization efficiency can be obtained 
by efficiently guiding atomized mist particles of a liquid 
feed material to the surface of a heater device. The 
method comprises the steps of forming atomized parti- 
cles having electrical charges; guiding the atomized 
particles to a feed heater in an electrical force field, and 
adsorbing the atomized partides on the feed heater by 
electrostatic attraction forces so as to facilitate a proc- 
ess of vaporization of the liquid feed material. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates in general to vaporiz- 
ers used in chemical vapor deposition apparatus using 
a liquid feed material, and relates in particular to a 
vaporizer apparatus suitable for producing a vapor of a 
highly dielectric or ferroelectric material, such as barium 
or strontium titanate, for the purpose of making thin film 
devices. 

Description of the Related Art 

In recent years, there has been a remarkable 
progress in circuit density of integrated circuit devices 
produced by the semiconductor industries, and intense 
development activities are underway in anticipation of 
gig-bit order DRAMs replacing the prevailing meager-bit 
order DRAMs of today. Dielectric thin film materials 
used to make high capacitance devices necessary for 
producing DRAMs have, in the past, included silicon 
oxide or silicon nitride films of dielectric constant less 
than 10, tantalum pentaoxide (Ta 2 0 5 ) films of dielectric 
constant about 20; however, newer materials such as 
barium titanate (BaTi0 3 ) or strontium titanate (SrTi0 3 ) 
or mixtures of these compounds appear to be more 
promising. Promising also are even higher dielectric 30 
materials such as lead-zinc-titanate (PZT), lead-lithium- 
zinc-titanate (PLZT) and Y1 . 

Of the various methods of making such thin films, 
prospects are particularly bright for the chemical vapor 
deposition (CVD) process, in which it is necessary that 35 
a feed gas must ultimately be supplied in a steady gas 
stream to a substrate disposed in a deposition chamber. 
The feed gas is derived by heating a liquid mixture, pro- 
duced by dissolving in some organic solvent (for exam- 
ple, Tetrahydrofuran (THF)) such materials as 40 
Ba(DPM) 2 or Sr(DPM) 2 which is solid at normal temper- 
ature, to stabilize the vaporization characteristics. 

Some known examples of vaporizer apparatus 
include those that atomize the liquid feed material 
through spay nozzles or ultrasonic transducers, and the 45 
atomized mist is delivered to a high temperature zone to 
convert the mist to a gaseous species, which is embod- 
ized as, for example, a vaporizing chamber surrounded 
by feed heater plates, or a porous heater member to 
improve the vaporization efficiency by increasing a con- so 
tact area between the atomized mist and the heater 
member. 

However, it is extremely difficult to stably vaporize 
such highly dielectric and ferroelectric materials men- 
tioned above. This is because for these materials, Q 55 
the vaporization and decomposition temperatures are 
close; © the vaporization temperature for the liquid 
feed material is different from that for the organic sol- 



vent; and <|) the vapor pressures are very low in gen- 
eral. 

The problems in such conventional techniques 
arise from the fact that the atomized mist particles are 
5 swept in its own stream of vaporized gas or carrier gas 
(used to transport the atomized mist particles), and it is 
difficult for the mist particles to properly dwell on the 
heating surfaces, even if the flow passages are con- 
stricted, resulting that the heat transfer from the heating 
10 surfaces to the atomized mist particles is poor, and 
leading ultimately to low efficiency in the vaporizer. 
Under such a condition, the mist particles tend to stay 
for a long time in an intermediate temperature zone of 
the vaporizer, between the vaporizing temperatures of 
is the liquid feed material and the organic solvent, so that 
the solvent is selectively vaporized, leaving behind a 
degraded feed gas suffering from precipitation of critical 
constituents or inconsistency in the composition. 

20 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
method and an apparatus capable of obtaining a high 
vaporization efficiency by efficiently guiding atomized 
mist particles of a liquid feed material to the surface of a 
heater device, as well as preventing unintended deposi- 
tion of the feed material within the vaporization process 
in order to stably supply the vapor of the feed material to 
a vapor deposition process. 

The object has been achieved in a method for 
vaporizing a liquid feed material for use in vapor phase 
reaction processes comprising the steps of: forming 
atomized particles having electrical charges; guiding 
the atomized particles to a feed heater in an electrical 
force field, and adsorbing the atomized particles on the 
feed heater by electrostatic attraction forces so as to 
facilitate a process of vaporization of the liquid feed 
material. 

Accordingly, the atomized particles having electri- 
cal charges of the liquid feed material are transported 
preferentially towards the feed heater separate from the 
flow of the carrier gas and vapor of the liquid feed mate- 
rial, so that they can be adsorbed and held on the sur- 
face of the feed heater. Therefore, the proportion of the 
unvaporized atomized feed which can be swept down- 
stream by the (carrier) gas flow is reduced so that the 
mist particles are effectively and efficiently vaporized. 
Furthermore, because the charged mist particles tend 
to distance themselves from each other, the mist parti- 
cles distribute themselves widely over the heater sur- 
face to effectively utilize the large surface area of the 
feed heater. 

An aspect of the method is that the atomized parti- 
cles are formed by an atomizing device, and are 
imparted with electrical charges through contact with 
charged particles produced in an electrical discharge 
process. 

Another aspect of the method is that the liquid feed 
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material is introduced at a tip end o1 a feed nozzle, and 
the atomized particles are produced through an electro- 
static atomization process generated by a high voltage 
applied between the feed nozzle and the feed heater. 

The object has been achieved in a vaporizer appa- 
ratus for producing a vapor of a liquid feed material for 
use in vapor phase reaction processes, comprising: 
atomizing means for forming electrically charged atom- 
ized particles of the liquid feed material; a feed heater 
maintained at a temperature higher than a vaporization 
temperature of the liquid feed material; guiding means 
for guiding the electrically charged particles to the feed 
heater by providing an electrical force field. 

An aspect of the vaporizer apparatus is that the 
atomizing means comprise an atomizer; an electrode 
means, having a sharp electrode tip, disposed in a flow 
stream of atomized particles; and charging means for 
imparting electrical charges to atomized particles pro- 
duced in cooperation with an application of a high volt- 
age between the sharp electrode tip and the feed heater 
so as to generate an electrical discharge. 

Another aspect of the vaporizer apparatus is that 
the atomizing means comprise a feed nozzle; and a 
charging means for imparting electrical charges to the 
liquid feed material held in the feed nozzle by applying a 
high voltage between the feed nozzle and the feed 
heater so as to produce electrically charged atomized 
liquids through an electrostatic atomization process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross sectional view of a first embodi- 
ment of the vaporizer apparatus of the present inven- 
tion. 

Figure 2 is a cross sectional view of a second 
embodiment of the vaporizer apparatus of the present 
invention. 

Figure 3 is a cross sectional view of a variation of 
the first embodiment of the vaporizer apparatus of the 
present invention. 

Figure 4 is cross sectional view of a variation of the 
second embodiment of the vaporizer apparatus of the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Figure 1 shows a first embodiment of the vaporizer 
apparatus of the present invention. The vaporizer appa- 
ratus comprises a hermetic vaporization chamber 12 
including a vessel 10, made of a conductive material. 
The wall section 14 of the vessel 10 is heated with a 
jacket heater 16, having a thermal medium such as hot 
oil flowing in the interior space, to maintain the temper- 
ature of the wall section 14 at a certain temperature 
above the vaporization temperature of the liquid feed 
material. An exhaust port 18 is provided on the side sur- 
face of the vessel 10 near the bottom section, for com- 



municating normally with a vacuum pump by way of a 
processing chamber such as a film deposition chamber. 

The ceiling plate 20 of the vessel 10 includes an 
atomizing section 22 for spraying atomized liquid feed 

5 material . into the vaporization chamber 12. The atomiz- 
ing section 22 comprises an atomizer 26 and a carrier 
gas inlet 28 which are disposed above a cylindrical 
member 24, made of an insulating material, opening to 
the interior space of the vaporization chamber 12. The 

io atomizer 26 is a known device, comprising a spray noz- 
zle with an integral ultrasonic transducer, and is con- 
nected to a liquid feed supply source through a flow 
volume control device. The carrier gas inlet 28 is con- 
nected to an inert gas source, such as Ar, N 2 or the like. 

is The vessel 10 housing the vaporization chamber 12 
is electrically grounded. In the vicinity of the outlet of the 
cylindrical member 24, a sharp tipped electrode mem- 
ber 30 for being applied with a high voltage is disposed 
in such a way to locate the sharp tip portion of the elec- 

20 trode 30 parallel with the feed stream. The electrode 30 
is electrically connected to an external high voltage 
source 34, through a hermetic cable terminal 32, appli- 
cable of several tens of KV to hundreds of KV voltage. 
The operation of the vaporizer apparatus will be 

25 explained in the following. Atomized particles M of the 
liquid feed material, produced by the atomizer 26. are 
supplied to the interior space of the cylindrical member 
24, while a carrier gas such as Ar or N 2 gas is intro- 
duced through the gas inlet 28. A high voltage of several 

30 tens of KV to hundreds of KV is applied between the tip 
portion of the electrode 30 and the feed heater (wall 
section) 14, and therefore, a corona discharge is gener- 
ated in the carrier gas environment. The carrier gas 
molecular ions (for example, Ar ions) produced by the 

35 corona discharge collide with the atomized particles M 
to impart electrical charges to the particles M. The 
charged particles M, under the influence of the electrical 
force field, are accelerated towards the grounded feed 
heater 14. The result is that negligible portion of the 

40 atomized particles M is swept into the carrier gas 
stream, and most of the particles are delivered to the 
feed heater 14. 

When the charged particles M arrive at the surface 
of the feed heater 14, not all the electrical charges are 

45 lost upon contact with the wall surface, and the charges 
remaining in the particles serve to provide electrostatic 
attraction between the feed heater 14 and the charged 
particles M, which are adsorbed onto the surface of the 
feed heater 14. The attraction force tends to press the 

so charged particles M onto the heater to increase the con- 
tacting area of the atomized particles M with the surface 
of the feed heater 14, thereby improving heat transfer 
efficiency to accomplish instantaneous vaporization of 
the heated particles M. 

55 During this process, the thermal medium is circu- 
lated inside the jacket heater 16 by a thermal media cir- 
culation unit (not shown) having at least a heating 
device such as an electrical heater and an actuating 
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device such as a pump. Temperature sensor for control 
of the temperature of the thermal medium may be 
located on an external pipe or directly on the interior of 
the jacket heater 16 of the vaporizer apparatus. 

Figure 2 shows a second embodiment comprising a 
vessel 10 made of an insulating material and a feed 
heater including a multi-layer-plate structure 40 stacked 
each other with a fine spacing 42 between the plates. 
The multi-plate structure 40 is comprised of a number of 
electrically conductive plates 46, each having an oil 
passage 44 at the core, separated by a fine spacing 42 
of less than 0.3 mm. The surface temperature of the 
plates 46 is about the same as that of the circulating oil. 
The fine spacing 42 acts as the vapor passage for the 
multi-plate structure 46, which is constructed so that the 
top end surface 48 of the plate 46 has a semi-circular 
shape, thus, the spacing of the plates 46 are wider at 
the top than at the bottom of the structure 46. The bot- 
tom outlet section of the fine spacings (vapor passage) 
42 communicates with the exhaust port 18 through the 
bottom space 50. 

In this vaporizer apparatus, the electrically charged 
particles M are accelerated towards the plates 46 acting 
as the feed heater under the influence of the electrical 
force field, and are attracted and adsorbed to the top 
end surface 48 of the plates 46. The adsorbed particles 
M are instantly vaporized by the heat conducted from 
the plate 46, and the vaporized gas is transported to a 
downstream film deposition chamber. In this case, 
because the shape of the top end surface 48 of the plate 
46 is semi -circular, adsorption surface is set larger than 
in the case with a flat top surface, and a smooth entry 
flow of the vaporized liquid into the vapor flow passage 
42 is facilitated. The width of the vapor passage 42 itself 
does not need to be uniform from top to bottom, and 
may be designed so that the downstream spacing 
becomes narrower (than the top spacing) towards the 
vapor exit section. 

Figure 3 is a variation of the first embodiment 
vaporizer apparatus. The embodiment incorporates an 
electrostatic atomizer in place of an ultrasonic atomizer 
in the atomizer section 22 of Figure 1 . In this case, elec- 
trostatic atomizing is performed by an electrically con- 
ductive nozzle 62 provided at the tip of an insulator pipe 
60 for flowing a liquid feed material. A carrier gas inlet 
1 9 is provided on the wall of the vessel 1 0 oppsosite to 
the exhaust port 18. 

The vaporizer apparatus operates as follows. A liq- 
uid feed material is introduced into the insulator pipe 60 
so that a liquid surface will appear at the exit tip of the 
nozzle 62. A high voltage of the order of several KV to 
several tens of KV from a high voltage supply is applied 
between the nozzle 62 and the bottom plate (liquid feed 
heater) 64, which is grounded, to impart electrical 
charges to the liquid feed material. Because of the pres- 55 
ence of a strong electrical field at the outlet of the nozzle 
62, the liquid feed material at the exit tip of the nozzle 62 
loaded with electrical charges, when the electromotive 



force exceeds the liquid surface tension, becomes 
unstable and explodes out to produce atomized and 
charged particles M. The particle size can be altered 
over a range of several to several hundred urn by 
5 varying the electrical field strength. The charged parti- 
cles M are efficiently vaporized as in the case of the first 
embodiment. 

Figure 4 shows an application of the electrostatic 
atomizer to the vaporizer apparatus shown in Figure 2, 
io and since the effects and operations are similar to the 
second embodiment vaporizer apparatus, their explana- 
tions will be omitted. 

According to the method and apparatus presented, 
because the atomized mist particles are electrically 
15 charged and guided by an electrical force field to be 
adsorbed onto a surface of the heater, the number of 
unconverted mist particles which are carried away in the 
carrier gas without reaching the surface of the feed 
heater are reduced. Thus, the conversion process is 
20 made more efficient so as to supply a high quality vapor 
to carry out a stable vapor deposition process at the 
downstream of the vaporizer apparatus. 

According to its broadest aspect, the invention 
relates to a method for vaporizing a liquid feed material 
25 for use in chemical vapor deposition processes com- 
prising the steps of: forming atomized particles having 
electrical charges; guiding said atomized particles to a 
feed heater 

and adsorbing said atomized particles on said 
30 feed heater. 

Claims 

1 . A method for vaporizing a liquid feed material for 
use in chemical vapor deposition processes com- 
prising the steps of: forming atomized particles hav- 
ing electrical charges; guiding said atomized 
particles to a feed heater in an electrical force field, 
and adsorbing said atomized particles on said feed 
heater by electrostatic attraction forces so as to 
facilitate a process of vaporization of said liquid 
feed material. 

2. A method according to claim 1 , wherein said atom- 
ized particles are formed by an atomising device, 
and are imparted with electrical charges through 
contact with charged particles produced in an elec- 
trical discharge process. 

3. A method according to claim 1 , wherein said liquid 
feed material is introduced at a tip end of a feed 
nozzle, and said atomized particles are produced 
through an electrostatic atomization process gener- 
ated by a high voltage applied between said feed 
nozzle and said feed heater. 

4. A method according to claim 3, wherein said high 
voltage is between several Wlo-volts to hundreds of 
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kilo-volts. 

5. A vaporizer apparatus for producing a vapor of a liq- 
uid feed material for use in chemical vapor deposi- 
tion processes, comprising: atomizing means for 5 
forming electrically charged atomized particles of 
said liquid feed material; a feed heater maintained 

at a temperature higher than a vaporization temper- 
ature of said liquid feed material; guiding means for 
guiding said electrically charged particles to said 10 
feed heater by providing an electrical force field. 

6. A vaporizer apparatus according to claim 5, 
wherein said atomizing means comprise an atom- 
izer; an electrode means, having a sharp electrode is 
tip, disposed in a flow stream of atomized particles; 
and discharge generating means for generating an 
electrical discharge around said sharp electrode tip 
with an application of a high voltage between said 
sharp electrode tip and said feed heater. 20 

7. A vaporizer apparatus according to claim 5, 
wherein said atomizing means comprise a feed 
nozzle; and a charging means for imparting electri- 
cal charges to said liquid feed material held in said 25 
feed nozzle by applying a high voltage between 
said feed nozzle and said feed heater so as to pro- 
duce electrically charged atomized liquids through 

an electrostatic atomization process. 

30 

8. An apparatus according to claim 7, wherein said 
high voltage is between several kilo-volts to several 
tens of kilo-volts. 

9. A method for vaporizing a liquid feed material for 35 
use in chemical vapor deposition processes com- 
prising the steps of: forming atomized particles hav- 
ing electrical charges; guiding said atomized 
particles to a feed heater 

and adsorbing said atomized particles on ao 
said feed heater. 
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